Introduction {#sec0001}
============

Gallstones are a common digestive disorder, with a prevalence of approximately 10%-20% in North America and Europe and \<10% in Asia. Most individuals with gallstones are asymptomatic; however, severe symptoms and complications develop in approximately 1%-3% of asymptomatic or mildly symptomatic patients annually [@bib0001]. Acute cholecystitis predominantly occurs as a complication of gallstone disease, and laparoscopic cholecystectomy is widely accepted as a standard surgical procedure, even for patients with acute cholecystitis associated with high-grade inflammation [@bib0002]. Dropped gallstones, also known as spilled gallstones, during cholecystectomy is an inevitable complication in patients with calculous cholecystitis due to a brittle gallbladder. In addition, it is challenging to retrieve gallstones in the abdominal cavity. Most cases with dropped gallstones are asymptomatic; however, once abscesses or granulomas develop, patients suffer from general fatigue, fever, pain, and weight loss. The imaging findings may mimic other peritoneal lesions, such as tuberculosis, actinomycosis, peritoneal loose body, and primary and secondary peritoneal tumor [@bib0003]. Therefore, the correct diagnosis is required for appropriate management. We report 4 cases of foreign-body granulomas and abscesses caused by dropped gallstones, and demonstrate the various imaging findings and clinical course.

Case presentation {#sec0002}
=================

Case 1 {#sec0003}
------

A 67-year-old woman underwent laparoscopic cholecystectomy because of biliary colic caused by gallstones ([Fig. 1](#fig0001){ref-type="fig"}a). Because of the patient\'s perforated gallbladder, the gallstones dropped into the peritoneal cavity during laparoscopic cholecystectomy, and they were retrieved as much as possible. She presented with persistent low-grade fever 8 months after laparoscopic cholecystectomy. Computed tomography (CT) images revealed an irregular-shaped soft-tissue mass with invasive growth into the liver parenchyma and abdominal wall that contained punctate and nodular calcification in the right Morrison\'s pouch and right paracolic gutter, respectively ([Figs. 1](#fig0001){ref-type="fig"}b and c). ^18^F-Fluorodeoxyglucose positron emission tomography with CT (FDG-PET/CT) revealed high FDG uptake in the soft-tissue masses ([Figs. 1](#fig0001){ref-type="fig"}d and e). On CT, the appearance of calcification in the soft-tissue mass in the right paracolic gutter ([Fig. 1](#fig0001){ref-type="fig"}c) was similar to that of the gallstones on a previous preoperative CT ([Fig. 1](#fig0001){ref-type="fig"}a), which suggested foreign-body granulomas caused by dropped gallstones during the previous laparoscopic cholecystectomy. Pathological specimen examination obtained by percutaneous biopsy confirmed the foreign-body granuloma associated with fragments of pigment gallstones and chronic suppurative inflammation. No bacteria were detected by tissue culture. The patient underwent antimicrobial treatment, and follow-up CT at 5 months revealed a slight enlargement of the right Morrison\'s pouch lesion and a decrease in the size of the right paracolic gutter lesion. Biochemical examination 3 years after surgery revealed progression of the inflammatory condition, and percutaneous drainage was performed. Since then, the patient has been asymptomatic.Fig. 1A 67-year-old woman with dropped gallstones (case 1). Numerous gallstones were seen on noncontrast CT before laparoscopic cholecystectomy (a: arrow). An irregular-shaped soft-tissue mass containing punctate calcifications was observed in the right Morrison\'s pouch on noncontrast CT (b: arrow). The mass invaded into the liver parenchyma and abdominal wall. The other irregular-shaped soft-tissue mass with nodular calcification was seen in the right paracolic gutter on noncontrast CT (c: arrow). The nodular calcification (c: arrow) was similar to the gallstones on CT before laparoscopic cholecystectomy (a: arrow). The tracer accumulated in the right Morrison\'s pouch lesion (SUVmax; 9.3) (d: arrow) and right paracolic gutter lesion (SUVmax; 8.0) (e: arrow) 120 minutes after intravenous administration of the tracer on ^18^F-fluorodeoxyglucose positron emission tomography with CT images. SUVmax; maximum standard uptake valueFig 1 --

Case 2 {#sec0004}
------

A 60-year-old woman presented with fever and right abdominal pain and was diagnosed with necrotizing cholecystitis based on CT findings ([Fig. 2](#fig0002){ref-type="fig"}a). She underwent open cholecystectomy, after which perforated gallbladder and abscess spread around the gallbladder were observed. Four days after surgery, CT revealed a calcified stone in the right subphrenic space, which was similar to the gallstone near the perforated gallbladder ([Fig. 2](#fig0002){ref-type="fig"}b). However, since discharge, the patient has experienced no symptoms, and no abnormal findings have been detected on blood tests. A follow-up CT 3 months after surgery showed a newly developed enhancing soft-tissue lesion around the calcified stone that was invading the right diaphragm and liver parenchyma ([Fig. 2](#fig0002){ref-type="fig"}c). A diagnosis of foreign-body granuloma caused by a dropped gallstone was made based on the shape of the central calcified stone, which resembled the gallstone observed on the preoperative CT ([Fig. 2](#fig0002){ref-type="fig"}a). The patient was seen without any specific treatment; however, right abdominal pain appeared seven months after surgery. Although her symptoms improved using antibiotics, they recurred after cessation of antibiotic treatment. One year after surgery, an abscess in the right subphrenic space was found on CT ([Fig. 2](#fig0002){ref-type="fig"}d), and open surgical drainage was performed. *Bacteroides fragilis* was detected in the drainage fluid by a culture test.Fig. 2A 60-year-old woman with dropped gallstones (case 2).The calcified gallstone was seen in the inflamed gallbladder on noncontrast CT (a: arrow). The calcified stone was moved to the right subphrenic space on noncontrast CT 4 days after the surgery (b: arrow). Newly developed enhanced soft tissue around the calcified stone on contrast-enhanced CT at 3 months after the surgery (c: arrow). The lesion developed into an abscess on contrast-enhanced CT 1 year after the surgery (d: arrow).Fig 2 --

Case 3 {#sec0005}
------

A 78-year-old man presented with appetite loss and right upper quadrant pain 5 months after laparoscopic cholecystectomy for calculous cholecystitis. Contrast-enhanced CT revealed 2 irregular-shaped lesions with multilocular fluid collection and thick septation in the right Morrison pouch and gallbladder fossa invading the liver, abdominal wall, and colon ([Figs. 3](#fig0003){ref-type="fig"}a and b). No calcification was detected inside the lesions on noncontrast CT. Ultrasound (US) examination revealed a hyperechoic lesion, which suggested gallstones in these lesions within the gallbladder fossa ([Figs. 3](#fig0003){ref-type="fig"}c and d). Colonoscopy demonstrated no tumor in the colon. An abscess caused by the dropped gallstones was diagnosed clinically based on CT and US findings. Percutaneous biopsy was performed, and granuloma with abscess formation was identified on the histopathologic examination. The patient was treated with antibiotics, and clinical symptoms and inflammatory findings improved.Fig. 3A 78-year-old man with dropped gallstones (case 3). Two irregular-shaped masses with multilocular fluid collection and thick septation that invaded the liver, abdominal wall, and colon were seen in the right Morrison\'s pouch (a: arrow) and the gallbladder fossa on contrast-enhanced CT (b: arrows). The hypoechoic mass in the right Morrison\'s pouch invaded both the liver parenchyma and abdominal wall on US (c: circle). The hypoechoic mass in the gallbladder fossa invaded the liver parenchyma and revealed a hyperechoic lesion on US (d: arrow).Fig 3 --

Case 4 {#sec0006}
------

A 67-year-old woman underwent laparoscopic cholecystectomy for calculous cholecystitis caused by gallstones ([Fig. 4](#fig0004){ref-type="fig"}a). During the surgery, gallstones dropped into the peritoneal cavity as a result of gallbladder wall perforation. Because the patient had no symptoms or abnormal findings in a blood examination, she was observed without therapy. CT obtained 3 months after surgery demonstrated a soft-tissue lesion with calcification adjacent to the right rectus abdominal muscle, possibly in the port site of the laparoscopy ([Fig. 4](#fig0004){ref-type="fig"}b). The calcification within the lesion resembled gallstones presented on the preoperative CT ([Fig. 4](#fig0004){ref-type="fig"}a); therefore, a diagnosis of foreign-body granuloma caused by dropped gallstones was made. CT obtained 6 months after surgery revealed that one of the calcified foci had disappeared, and the size of the surrounding soft tissue had decreased ([Fig. 4](#fig0004){ref-type="fig"}c). The patient currently presents with no symptoms and is still under observation.Fig. 4A 67-year-old woman with dropped gallstones (case 4). Several gallstones were seen in the distended gallbladder with a thickened wall on noncontrast CT (a: arrows). The mass containing 2 calcified foci, which invaded the surrounding soft tissue, was observed next to the right rectus abdominal muscle on noncontrast CT at three months after the surgery (b: arrow). The mass decreased in size, and one of the calcifications disappeared on noncontrast CT 6 months after the surgery (c: arrow).Fig 4 --

Discussion {#sec0007}
==========

Gallbladder perforation and dropped gallstones during cholecystectomy have been reported to occur in 6%-40% and in 1%-20% of cases, respectively [@bib0004], [@bib0005], [@bib0006], [@bib0007], [@bib0008]. Dropped gallstones may cause further complications, including granulomas and abscesses in 20% of cases with dropped gallstones and in 0.08%-2.9% of all laparoscopic cholecystectomy cases \[[@bib0005],[@bib0006],[@bib0008]\]. The retrieval of dropped gallstones after gallbladder perforation is difficult, particularly during laparoscopic surgery, because the operative field view is limited. Patients may develop various nonspecific symptoms, such as fever, pain, and weight loss, with a duration of months or years after cholecystectomy, with one case developing complications 10 years after surgery[@bib0009], [@bib0010], [@bib0011].

Granulomas and abscesses from dropped gallstones are thought to develop as a result of mechanical pressure caused by the stones, reaction to foreign bodies, stimulation of bile, and infection of bacterial species present in the gallstone. The type of gallstone can also influence development; in particular, pigment gallstones present a higher risk than cholesterol stones because the former often contain bacterial microcolonies [@bib0012]. A larger size (\>1.5 cm) and number (\>15 stones) of dropped gallstones and older patient age are also risk factors \[[@bib0004],[@bib0008],[@bib0013]\]. Antibiotic treatment and percutaneous drainage are often selected as the initial steps for management. In cases with protracted inflammation associated with residual stones, open surgery may be required to completely remove the dropped gallstones and prevent recurrence. Fistula formation is known to be an unusual complication of dropped gallstones [@bib0003]. Gallstones may migrate through a fistula to the extra-abdominal cavity, such as the gastrointestinal tract, diaphragm, and abdominal wall. The gallstone may be removed naturally through a fistula (as in one of our current cases), with the dropped gallstone found in the abdominal wall (case 4).

In imaging studies, granulomas and abscesses related to dropped gallstones are typically seen as a soft-tissue mass and fluid collection that sometimes infiltrate into the surrounding structures. Differential diagnosis may include peritoneal loose body, primary and secondary peritoneal neoplasms, malignant lymphoma, and sarcoma for granuloma type and simple abscess, actinomycosis, tuberculosis, and necrotizing tumors for abscess type [@bib0003]. However, a history of cholecystectomy and the identification of dropped gallstones within the granulomas or abscesses on imaging are crucial for diagnosis the etiology. In this case series, the use of CT enabled the clear visualization of the granulomas or abscesses in all 4 cases, and calcified foci corresponding to dropped gallstones were identified as high-density structures in 3 of 4 cases. The reason for this is that cholesterol gallstones or low-calcium gallstones are iso-dense on CT [@bib0014]. However, US successfully revealed a gallstone in case 3. Thus, US examination is valuable for detecting stones that fail to be identified on CT so essential for the diagnosis of dropped gallstones [@bib0015]. In the current case series, the lesions were found in the right colic gutter (case 1), Morison\'s pouch (case 1 and 3), right subphrenic space (case 2), gallbladder fossa (case 3), and abdominal wall (case 4). According to a previous report, gallstones often drop in the right subphrenic space, Morison\'s pouch, gallbladder fossa, and pelvic cavity. However, unusual locations, such as the retroperitoneum, gastric wall, right thorax, abdominal wall, and the incisional and trocar sites, have been described [@bib0011], [@bib0016]. Calcified foci in the mass or fluid collection on CT and US is essential for diagnosing this etiology, especially in an unusual site.

^18^F-FDG-PET/CT demonstrated high FDG uptake in the lesion in one case, presumably representing the presence of high-grade active inflammation or malignant tumors (case 1). ^18^F-FDG-PET also demonstrated a various degree of FDG uptake in foreign-body granulomas caused by dropped gallstones [@bib0017]. Thus, ^18^F-FDG-PET studies may have limited value in differentiating granulomas and abscesses related to dropped gallstones from other malignant tumors.

Conclusion {#sec0008}
==========

We have reported cases of foreign-body granulomas with and without abscesses caused by dropped gallstones. Gallbladder perforation and dropped gallstones are possible complications of cholecystectomy. In patients who have undergone cholecystectomy in whom an irregular soft-tissue mass or fluid collection infiltrating the surrounding tissue is detected on imaging, foreign-body granulomas or abscesses caused by dropped gallstones should be considered. The identification of dropped gallstoneswithin the lesion is essential for differentiating this condition from other mimicking diseases.
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